Gordonia hongkongensis sp. nov., isolated from blood culture and peritoneal dialysis effluent of patients in Hong Kong . Phylogenetic analysis of the 16S rRNA gene, secA1 and gyrB showed that the two isolates formed a distinct branch within the genus Gordonia and were most closely related to G. lacunae and G. terrae. DNA-DNA hybridization demonstrated 53.7 % and 49.4 % DNA relatedness between the two isolates and G. lacunae, and between the two isolates and G. terrae, respectively. Hierarchical cluster analysis of MALDI-TOF MS main spectrum profiles showed that strains HKU50 T and HKU46 were closely related to each other, but were distinct from G. lacunae, G. terrae, or any other species of the genus Gordonia in the Bruker database. The chemotaxonomic traits of the two strains were highly similar, and the major fatty acids were summed feature 4
The actinomycetous genus Gordonia was first established to describe a group of slightly acid-fast, Rhodococcus rhodochrouslike bacteria, which were isolated from the sputa of patients with pulmonary diseases and in soil, and exhibited characteristics intermediate between species of the genus Mycobacterium and species of the genus Nocardia (Tsukamura, 1971) . A few years later, this group of bacteria was transferred to the genus Rhodococcus. Subsequently, based on phylogenetic analysis, the genus Gordonia was revived (Stackebrandt et al., 1988) ; and in 1997, Gordonia was accommodated as the sole member in the family Gordoniaceae (Stackebrandt et al., 1997) . Several years ago, it was proposed that this family be combined with the family Nocardiaceae, leaving only an emended family Nocardiaceae consisting of seven genera, namely Gordonia, Millisia, Nocardia, Rhodococcus, Skermania, Smaragdicoccus and Williamsia (Adachi et al., 2007; Zhi et al., 2009) . At the time of writing, a total of 38 species in the genus Gordonia have been described (Parte, 2015) .
Since their first discovery, species of the genus Gordonia have been found in various kinds of human clinical specimens. Many of them, including Gordonia aichiensis, G. araii, G. bronchialis, G. effusa, G. iterans and G. sputi, were isolated from sputa (Aoyama et al., 2009; Kageyama et al., 2006; Kang et al., 2014; Tsukamura, 1971 Tsukamura, , 1978 Tsukamura, , 1982 . They were also isolated from the conjunctival sac, ear discharge, granulomas, leucorrhoea, nail, pleural fluid, pus, skin and tumour (Aoyama et al., 2009; Iida et al., 2005) , and were reported to cause cutaneous, subcutaneous (Bakker et al., 2004; Lai et al., 2010 Lai et al., , 2012 , and ocular infections (Lai et al., 2010) , as well as various invasive infections, such as bacteraemia and endocarditis (Johnson et al., 2011; Verma et al., 2006) , breast abscess and granulomatous mastitis (Werno et al., 2005; Zardawi et al., 2004) , osteomyelitis (Chang et al., 2014) , peritonitis (Lam et al., 2015) , pleural effusion (Johnson et al., 2011) , renal abscess (Nicodemo et al., 2014) , sternal wound infection (Wright et al., 2012) , and medical device-associated infections (JannatKhah et al., 2009; Wright et al., 2012) . Species of the genus Gordonia could also be found in environmental samples including animal faeces (Liu et al., 2011 ), estuary sand (le Roes et al., 2008 , mangrove rhizosphere (Takeuchi & Hatano, 1998) , soil (K€ ampfer et al., 2011; Park et al., 2009; Tsukamura, 1971) , tidal flat sediment (Cha & Cha, 2013) , tree bark compost (Bendinger et al., 1995) , an oil-producing well (Xue et al., 2003) , a polluted waterbody , sludge (Drzyzga et al., 2009; Srinivasan et al., 2012) , and wastewater (K€ ampfer et al., 2013; Li et al., 2014) .
Recently, we isolated two Gordonia-like bacterial strains (HKU46 and HKU50 T ) from two patients. The first patient was a 52-year-old male with continuous ambulatory peritoneal dialysis (CAPD)-related peritonitis, and strain HKU46 was isolated from the peritoneal dialysis effluent (Lam et al., 2015) . The second patient was a 10-month-old boy with bacteraemia, and strain HKU50 T was isolated from the blood culture. Preliminary 16S rRNA gene sequencing showed that strains HKU50
T and HKU46 were most closely related to G. lacunae and G. terrae. Further evaluation by phenotypic characterizations, sequencing of other housekeeping genes, matrix-assisted laser desorption/ionisation time-of-flight mass spectrometry (MALDI-TOF MS) analysis, chemotaxonomic characterizations, and DNA-DNA hybridization studies revealed that these two isolates should represent a novel species of the genus Gordonia.
The Gordonia-like strains HKU50
T and HKU46 were isolated and grown on Columbia agar (Oxoid) with 5 % defibrinated sheep blood (Quad Five) under aerobic conditions with 5 % CO 2 at 37 C. The reference strains G. lacunae NRRL B-24551 T and G. terrae NRRL B-16283 T were obtained from Agricultural Research Service (ARS) Culture Collection (NRRL), Department of Agriculture, USA; while the reference strains Escherichia coli ATCC 25922 and Pseudomonas aeruginosa ATCC 27853 were obtained from the American Type Culture Collection (ATCC), USA. Strains were Gram-stained and assessed for the presence of catalase and cytochrome oxidase activities and the presence of haemolysis. Biochemical data were obtained using the API Coryne, ZYM, and 50 CHB systems (bioM erieux).
Strains HKU50
T and HKU46 were non-sporulating, beaded, Gram-positive, acid-fast bacilli. They grew on Columbia agar with 5 % defibrinated sheep blood under aerobic conditions with 5 % CO 2 at 37 C as small, pink-toorange, non-haemolytic colonies with a diameter of 0.5 mm after 3 days, and they could also grow on brain-heart infusion (BHI) agar (Oxoid) with similar colony morphology under the same incubation conditions. The strains were non-motile, catalase-positive and oxidase-negative. The API Coryne system identified both isolates as Rhodococcus spp. (44.6 % confidence), Leifsonia aquatica (38.8 % confidence), or Arthrobacter spp. (16.1 % confidence). Biochemical tests using the API Coryne, ZYM, and 50 CHB systems indicated both HKU50
T and HKU46 possessed the same unique biochemical profile (Table 1) . Both isolates could produce acids from D-fructose, D-mannose, L-rhamnose, D-sorbitol, aesculin, turanose, D-arabitol and gluconate, and reduce nitrates. They possessed 2-naphtyl-a-D-glucopyranoside a-glucosidase, 6-Br-2-naphtyl-b-D-glucopyranoside b-glucosidase, C4 esterase, C8 esterase lipase and weak pyrazinamidase activities.
16S rRNA gene sequencing was performed using the primer pair LPW57/LPW58 according to our previous publication (Woo et al., 2001 ) with slight modifications. The 5¢ and 3¢ end regions of the 16S rRNA gene were PCR-amplified and sequenced using the primer pairs LPW30852 (5¢-GTTTC RMTRTTTTTTCA-3¢)/LPW28767 (5¢-ATTAGACCCAG TTTCCCA-3¢) and LPW28768 (5¢-AGTCATCATGCCCC TTAT-3¢)/LPW28769 (5¢-TCYCTCAGAACCCCGA-3¢) respectively, which were designed by selecting the conserved regions flanking the 16S rRNA gene of species of the genus Gordonia closely related to strains HKU50 T and HKU46, to obtain the nearly complete 16S rRNA gene sequences. When ambiguous sequencing peaks were still observed after multiple parallel rounds of PCR, the PCR products were cloned into the pCRII-TOPO vector using TOPO TA Cloning Kit (Invitrogen) according to the manufacturer's instructions for subsequent sequencing. The sequences of the PCR products were then compared with sequences of closely related species in the DDBJ/ENA/GenBank databases by pairwise alignment using BIOEDIT 7.2.0 (Hall, 1999) . These sequences were also analysed by multiple sequence alignment using MUSCLE 3.8 (Edgar, 2004) which were then end-trimmed. Poorly aligned or divergent regions of the aligned, end-trimmed DNA sequences were removed using GBLOCKS 0.91b (Castresana, 2000; Talavera & Castresana, 2007) with relaxed parameters. Tests for substitution models and phylogenetic tree reconstruction were performed by the neighbour-joining and maximum-likelihood methods using MEGA 6.0.6 (Tamura et al., 2013) . 16S rRNA gene sequencing showed that strains HKU50
T and HKU46 possessed 2-3 intra-genomic copies of the 16S rRNA gene. Pairwise alignment revealed that copy 1 of the 16S rRNA gene of both isolates possessed a 100 % sequence identity to those of G. lacunae NRRL B-24551 T and G. terrae NRRL B-16283 T ; while copy 2 of both isolates were identical in sequence and possessed a 99.9 % sequence identity to G. lacunae NRRL B-24551 T and G. terrae NRRL B-16283 T ; and copy 3 of strain HKU50
T possessed a 99.8 % sequence identity to G. lacunae NRRL B-24551 T and G. terrae NRRL B-16283
T . This suggested that the two novel isolates were most closely related to G. lacunae and G. terrae (Fig. 1a) . Copy 2 of the 16S rRNA gene of isolates HKU50
T and HKU46 possessed two consecutive substitutions at positions 445 and 446 when compared with copy 1, and copy 3 of HKU50
T possessed an additional substitution at position 990 when compared with copy 2.
To further ascertain the phylogenetic positions of the novel isolates, partial secA1 and gyrB sequences of the two isolates and the reference strains G. lacunae NRRL B-24551 T and G. lacunae NRRL B-16283 T were PCR-amplified and sequenced using the primer pair SecA1-f/SecA1-r ) for secA1, and for gyrB, the primer pairs LPW28832 (5¢-GTSGGYATCTCSGTGGT-3¢)/LPW28833 (5¢-SAGCACGATCTTGTGRTA-3¢), which were designed by selecting the conserved regions of gyrB of species of the genus Gordonia closely related to HKU50 T and HKU46, or GYRB1/GYRB2 (Shen et al., 2006) . Pairwise alignment of the partial secA1 sequences revealed that strains HKU50 T and HKU46 possessed the same partial secA1 sequence and their secA1 possessed a 94.0 % sequence identity to that of G. lacunae NRRL B-24551 T and a 93.4 % sequence identity to that of G. terrae NRRL B-16283
T . Pairwise alignment of the partial gyrB sequences revealed that the partial gyrB sequence of strain HKU50
T possessed a 99.7 % sequence identity to that of strain HKU46, and the gyrB sequences of the two isolates possessed a 88.3 % sequence identity to that of G. terrae NRRL B-16283 T and 87.5-87.7 % sequence identities to that of G. lacunae NRRL B-24551 T (Fig. 1b, c) . The results from phylogenetic analyses supported that isolates HKU50
T and HKU46 were most closely related to, but different from, G. lacunae and G. terrae.
DNA-DNA hybridization studies for HKU50
T , HKU46, G. lacunae NRRL B-24551 T and G. terrae NRRL B-16283 T were performed as described previously . Strains HKU50
T and HKU46 possessed 91.67 % (mean, HKU50 T as probe) or 94.13 % (mean, HKU46 as probe) DNA-DNA relatedness, supporting that these two isolates should belong to the same species, while both HKU50
T and HKU46 possessed <70 % DNA-DNA relatedness to both G. lacunae NRRL B-24551 T and G. terrae NRRL B-16283 T ( Table 2 ), supporting that HKU50
T and HKU46 should belong to a species distinct from G. lacunae and G. terrae.
Whole-cell protein contents were analysed by MALDI-TOF MS using the ethanol/formic acid extraction method as described previously (Teng et al., 2014) . Hierarchical cluster analysis of the MALDI-TOF MS main spectrum profiles obtained showed that strains HKU50 T and HKU46 were more closely related to each other than to G. lacunae NRRL B-24551 T , G. terrae NRRL B-16283 T , or other strains of species of the genus Gordonia found in the Bruker database (Fig. S1 , available in the online Supplementary Material).
Analyses of cellular fatty acid composition, respiratory quinones, polar lipids, mycolic acids, and cell-wall sugars, as well as the detection of isomers of 2,6-diaminopimelic acid in whole-cell hydrolysates were performed by the Identification Service of the Leibniz-Institut Deutsche Sammlung von Mikroorganismen und Zellkulturen (DSMZ), Germany, according to their established protocols (https://www.dsmz.de/services/ services-microorganisms/identification.html [accessed 5th
July 2016]). The fatty acid profiles of strains HKU50 T and HKU46 were very similar to each other and were mainly composed of the fatty acids C 10 : 0 , C 14 : 0 , C 15 : 0 , summed feature 4 (iso-C 15 : 0 2-OH/C 16 : 1 trans-9), C 16 : 0 , C 17 : 1 cis-9, C 17 : 0 , C 18 : 1 cis-9, C 18 : 0 , 10-methyl C 18 : 0 (tuberculostearic acid [TBSA]), summed feature 8 (unknown C 18.756 /C 19 : 1 cis-10), and an unknown fatty acid C 19.735 (Table 3) . The respiratory quinone profiles of both strains consisted of MK-8 (H 2 ) (<10 %) and MK-9(H 2 ) (>90 %). The polar lipid profiles of the two strains were the same and consisted of five Gordonia soli CC-AB07 T (AY995560)
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Mycobacterium tuberculosis H37 (AB438074) C.-C. Tsang and others unknown glycolipids, an unknown phospholipid, phosphatidylinositol, phosphatidylethanolamine and diphosphatidylglycerol (Fig. S2) . The mycolic acid profiles of the two strains were also the same and consisted of C 44 , C 46 , C 54 , C 56 and C 58 . Both strains possessed galactose, glucose, arabinose and ribose as the cell-wall sugars. meso(D,L)-2,6-diaminopimelic acid (meso-DAP) was detected as the diamino acid of the peptidoglycan.
Minimal inhibitory concentrations (MICs) were determined by E-test (bioM erieux) according to the manufacturer's protocol, with E. coli ATCC 25922 and P. aeruginosa ATCC 27853 as controls. The MIC results were interpreted according to the European Committee on Antimicrobial Susceptibility Testing (EUCAST) PK/PD (non-species related) breakpoints, except that for vancomycin, results were interpreted according to the breakpoints for Corynebacterium spp., and for azithromycin and clarithromycin, results were interpreted according to the breakpoints for Staphylococcus spp. (EUCAST, 2015) . It was shown that both HKU50 T and HKU46 were sensitive to ceftriaxone, ciprofloxacin, imipenem, levofloxacin, linezolid and vancomycin. However, HKU50
T and HKU46 had different susceptibilities to azithromycin, cefotaxime and clarithromycin (Table S1 ).
In summary, for the novel isolates HKU50
T and HKU46 from human clinical specimens, the presence of TBSA as one of the major cellular fatty acids, the use of MK-9(H 2 ) as the major respiratory quinone, the presence of phosphatidylinositol, phosphatidylethanolamine and diphosphatidylglycerol as the major phospholipids, the presence of mycolic acids, and the presence of meso-DAP, arabinose and galactose in the wholecell hydrolysates highly supported the placement of these two isolates in the genus Gordonia (Goodfellow, 2012) . Moreover, these two novel isolates formed a phylogenetic lineage clustered with G. lacunae and G. terrae and distinct from other members of the genus Gordonia (Fig. 1 ). They were different from both G. lacunae and G. terrae with 1-2 additional 16S rRNA gene copies which differed from those of G. lacunae or G. terrae by 2-3 nucleotide substitutions. The two isolates were also grouped in a cluster distinct from both G. lacunae and G. terrae in the phylogenetic trees reconstructed using partial secA1 and gyrB sequences (Fig. 1b, c) . Moreover, DNA-DNA hybridization showed that HKU50
T and HKU46 should be recognised as a novel species different from G. lacunae and G. terrae (Table 2 ). This was also evidenced by the hierarchical cluster analysis of the MALDI-TOF MS main spectrum profiles of HKU50 T , HKU46, and their closely related species (Fig. S1) . Phenotypically, the inabilities of HKU50
T and HKU46 to produce acids from D-glucose, D-mannitol, sucrose and trehalose distinguished the isolates from the type strains of G. lacunae and G. terrae; the weaker pyrazinamidase activities of HKU50 T and HKU46 distinguished them from G. lacunae NRRL B-24551 T ; and the inabilities of strains HKU50
T and HKU46 to produce acids from gluconate and the presence of C4 esterase activities in strains HKU50
T and HKU46 distinguished them from G. terrae NRRL B-16283 T (Table 1) . Therefore, strains HKU50 T and HKU46 should represent a novel species in the genus Gordonia and the name Gordonia hongkongensis sp. nov. is proposed, with HKU50 T designated the type strain. Strains HKU50 T and HKU46 have been deposited to the Culture Collection of Switzerland (CCOS), Switzerland, the Biological Resource Center of Institut Pasteur (CIP), France, the Biological Resource Center, National Institute of Technology and Evaluation (NBRC), Japan, and the National Culture Collection for Pathogens (NCCP), South Korea. Further studies on the pathogenic potential, natural reservoir, route of transmission, and clinical disease spectrum of this novel bacterium are warranted.
Description of Gordonia hongkongensis sp. nov.
Gordonia hongkongensis (hong.kong.en¢sis. N.L. fem. adj. hongkongensis of or belonging to Hong Kong, the place where the type strain was isolated).
Beaded bacilli. Gram-stain-positive, acid-fast-stain-positive, non-motile, and non-spore-forming. Grows on Columbia agar supplemented with 5 % defibrinated sheep blood as small, pink-to-orange, non-haemolytic colonies with a diameter of 0.5 mm after incubation for 3 days under aerobic environment supplemented with 5 % CO 2 at 37 C. Also able to grow on BHI agar with similar colony morphology under the same incubation conditions. Able to produce acids from D- 
